General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



NASA TM X- 72649 


NASA TM X- 72649 

COPY NO. 


NA3A TECHNICAL 

MEMORANDUM 


(NASA-T«-X-72b49) 

THE NOISINESS 

OF 

LOW 

N75- 16314 

FREQUENCY BANDS OF 

NOISE (NASA) 

17 

y HC 


$3.25 



CSCL 20 A 



Uiiclas 

G 3/7 1 07746 


THE NOISINESS OF LOW FREQUENCY 
BANDS OF NOISE 


\ 



Thic Informal documentation medium is used to provide accelerated or 
specie! ‘ease of technical information to selected users. The contents 
may not meet NASA formal editing and publication standards, may bare* 
vised, or may be incorporated in another publication. 


NATIONAL AEKONAUTICS AND SPACE ADMINISTRATION 
LANGLEY RESEARCH CENTER,. HAMPTON, VIRGINIA 23445 



1. Report Ho 

NASA TH X-72649 

4 Title end Subtitle 


2, Government Aocewion Ho. 


3. Recipient'! Catalog No 



5. Report Dow 

February 1975 

The Noisiness of Low Frequency Bands of Noise 6. fNrtonmr.{i or*»n»Mtioo code 
2632 

7, Authorlt) Performing Organization Report No 


Ben William Lawton 

9. Performing Organization N«mo and Addrew 

NASA Langley Research Center 
Hampton, VA 23665 

12 Spumonnj Agency Heme end Addrew 


11. Contract or Grim No 
N/A 

13. Type of Report end Period Covered 

NASA Technical Memo 


National Aeronautics and Space Administration u. spomonns Agency code 
Washington, DC 20546 

15. Supplementary Hotel 


Technical paper presented at the 88th Meeting of the Acoustical 
Society of Am nca, November 4-8, 1974, St. Louis, Missouri 

tti. Abstract 

A study was performed to examine the relative noisiness of low 
i frequency 1/3-octave bands of noise. The frequency range 
investigated was bounded by the bands centered at 25 and 200 Hz, 
j with intensities ranging from 50 to 95 dB (SPL) . Thirty-two 


subjects used a method of adjustment technique, producing comparison- 

ii 

band intensities as noisy as 100 and 200 Hz standard bands at 

60 and 72 dB. The work resulted in contours of equal noisiness ’ 


for 1/3-octave bands, ranging in intensity from approximately 
58 to 86 dB (SPL) . These contours were compared with the standard 
equal noisiness contours; in the region of overlap, between 


50 and 200 Hz, the agreement was good 


17 Key Wordt (Suggeated by Authorll!) ISTAR category underlined! 

IB. Dutribution Statement 



Perceived noisiness 
Low Frequency Noise 


Unclassified 

Unlimited 


19 Security Clwlf. (of thia report) 

20. Security Clawif. (of thu pegel 

21 Ho ol Page* 

22 Price* 

Unclassified 

Unclassified 

15 

$5-25 


! The National Technical Information Service. Springfield. Virginia 22151 
STIF/NASA Scientific and Technical Information Facility, P.0 Box 33. College Park, MD 20740 















THE NOISINESS OF LOW FREQUENCY CANOS OF NOISE 
By Bon William Lawton 

Ihere are increasing numbers of low frequency noise sources, 
affecting people in varied environments. One practical example of 
such a low frequency noise source is the short takeoff and landing 
(STOL) aircraft. Jet-powered STOL aircraft will have integrated 
lift-propulsion systems which will permit shorter takeoff and landing 
distances than necessary for conventional jet transports. The use 
of such lift-propulsion systems has been shown to increase the jet 
exhaust noise, with maximum noise components below 300 Hz, and in 
some cases, below 50 Hz. This fact is illustrated in figure 1 which 
shows takeoff 1/3-rctave band spectra for a two-engine commercial jet 
and a comparable simulated STOL jet (from ref. 1). In the figure, 
the horizontal axis is 1/3-octave band center frequency in Hertz (Hz); 
the vertical scale is band sound pressure level in dB. The two 
spectra are essentially the same above the 80 Hz 1/3-octave band; 
below this frequency, the simulated STOL spectra has components much 
higher in band SPL than the conventional jet. 

The noise of such STOL aircraft will be quantified using perceived 
noise level (PNL) . However, this unit does not consider some of the 
major bands below 50 Hz. As STOL aircraft and larger conventional 
jet transports come into commercial service, PNL will become an 
increasingly inaccurate subjective rating unit and this inaccuracy 
may be of some considerable importance. 



Throughout the development of PNL, relatively little attention 
was devoted to the frequency bands below 150 Hz. The major effort 
has been to account tor the subjective!? more annoying higher frequencies, 
in the kiloHertz range. Recently, there has been renewed interest in 
the shape of equal noisiness, or noy, contours used in the calculation 
of PNL. Several researchers report subjective experiments resulting in 
modified noy contours for 1/3-octave bands. These contours are shown 
in figure 2, where the low frequency region is of interest here. 

The horizontal axis is frequency in Hz; the vertical axis is 
sound pressure level in dB, measured relative to the 1 kHz, 1/3-octave 
band. The heavy line represents the standard noy contour of Kryter 
and Pearsons, used in the calculation of PNL (ref. 2 ). The two dashed 
lines represent studies by Wells (ref. 3j and Ollerhcad (ref. 4). 

Below approximately 100 Hz, both of these dashed contours fall under 
standard noy contour, indicating slightly more noisiness for a given 
SPL in the low frequency range. The shaded area represents another 
study of Ollerhead (ref. 5), which indicates the opposite trend. Here, 
a given band SPL indicates much less noisiness than the standard noy 
contours . 

The curves of this figure show essentially opposite trends, 
indicating both more and less noisiness for a given band SPL below 
approximately 100 Hz. The research reported here was aimed at clarifying 
or resolving this discrepancy in t’v: 'ow ‘ -uuenev noy curve shape. 


The current subjective response to noise study examined the 
relative noisiness of certain low frequency 1/3- octave bunds of noise. 
The frequency range investigated was bounded by the bands centered at 
25 Hz and 200 Hz, with band intensities ranging from 50 dB to 95 dB 
SPl, Figure 3 shows the frequency/ intensity region available to the 
human subjects who pnrticiapted in the study. The horizontal axis is 
frequency in Hz; the vertical axis is sound pressure level in dB. The 
frequency/ intensity region of the present research is shown as the 
boxed- in area. For comparison, the threshold of hearing for 1/3-octave 
bands (ref. 6) is shown at the bottom of the figure. The commonly 
accepted lower limit for physiological reaction to noise is also shown 
at the top of the figure. 

Thirty-two human subjects, sixteen males and sixteen females, 
performed a method of adjustment experiment. The subjects were given 
the following definition of noisiness, taken from Kryter's book, 

The Effects of Noise on Man : (ref. 7) 

"The subjective impression of the unwantedness of a not 
unexpected, nonpain or fear-provoking sound as part of 
cue's environment is defined as the attribute of perceived 
noisiness." Noisiness means the same thing as "unwantedness ,' 
"unacceptableness," or "objectionableness." 


Using the method of adjustment and this definition, the subjects 


were to produce comparison band intensities subjectively equal in 
noisiness to standard bands at 100 Hz and 200 Hz, both at 60 dB and 
73 dB SPL. Figure 4 gives an overview of the experimental design, 

Bach of the eight comparison band frequencies was paired with each 
of the two standard band frequencies. Thus each subject performed 
sixteen adjustments. 

The subjects were tested individually in a small aneehoic chamber 
located at the Institute of Sound and Vibration Research at the 
University of Southampton. The chamber had a volume of 34.5 cubic meters, 
and was used as a pressure chamber for this experiment. The comparison 
and standard band stimuli were presented to the subjects using a 
specially constructed loudspeaker. The stimuli had a duration of 
5 seconds, alternating between the fixed standard and adjustable 
comparison bands for as long as the subject required to make the 
noisiness balance adjustment. Figure 5 presents a representative 
time history of an adjustment. The horizontal scale is time in seconds; 
the vertical scale is band sound pressure level for the standard and 
comparison bands. The figure shows how a subject might make the 
required noisiness balance over a few repetitions of the standard/ 
comparison pairs. The data obtained from the adjustment would be the 
band SPL of the comparison when adjusted to be subjectively equal in 
noisiness to the fixed standard. 
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Analysis of variance of the data showed none of the counter- 
balanced presentation conditions to be significant. Therefore, the 
adjustments of all subjects were meancd over standard band frequency 
and level. Looking at these results in some detail in the next figures, 
the mean adjustments are shown with the appropriate portions of the 
Krytcr and Pearsons noy contours. For these figures, the horizontal 
axis is 1/3-octave band center frequency in Hz; the vertical axis 
is band SPL in dB. The adjustment means are presented as open symbols; 
the Kryter- Pearsons noy value contours are shown as the solid lines. 

Referring to figure o showing the adjustments to the 100 Hz 
standards, tests were performed to compare the present values to the 
kryter-Pearsons noy values. The absolute dB differences between the 
two sets of points were found to be significant for the lower sets, 
that is, the present data represented by the circles were found to 
be displaced upward in dB from the 1.8 noy contour. Also, linear 
regressions were performed on the sets of points within the region 
of overlap, between SO ar.d 200 Hz. For instance, a least squares fit 
was made for the data circles and the 1.8 noy contour. The slopes 
of these two lines were tested statistically. These tests revealed no 
statistically significant differences between the slopes of the present 
data and the reference noy values. 

Referring now to figure 7 showing the adjustments to the 200 Hz 
standard, similar tests were performed. The statistical procedures 
showed a significant displacement of the data represented by the 



diamonds, the adjustments to the 200 Hz standard at 73 dB. Regressions 
were also performed and the slopes tested: in both eases the slopes 

r 

wore not significantly different. The results of the statistical 
tests, comparing the present results with the reference noy values, 
revealed some displacement along the dB scale for two of the present 
study contours, but agreement of regression line slopes. Therefore, 
in general, the agreement between the results of the present study 
and the Kryter-Poarsons noy values can be considered reasonably good. 

In summary, the present results are shown in figure 8, compared 
with the appropriate noy contours. Here the horizontal axis is 
1/3-octave band center frequency in Hz and the vertical axis is band 
SPL in dB. The solid curves represent the equal noisiness contours 
of Kryter and Pearsons. The broken lines in the lower frequency 
region are the results of the present study. These results generally 
follow an eyeball extension of the Krvter-Pearsons curves. On the 
basis of the small amount of data presented here, it should be possible 
to extend the equal noisiness contours to lower frequencies. More 
experimentation is required to confirm the slopes of the curves and 
to establish the spacings, or growth of noisiness. Noy values for 
these low frequency bands would be useful when computing the perceived 
noise level, or any related units, for new aircraft, or any ‘'.ther 
noise sources containing 1/3-octnvc band components below 50 Hz. 
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